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(57) ABSTRACT

A display panel includes a plurality of pixels arranged in a
matrix, the plurality of pixels respectively including a plu-
rality of sub pixels. The plurality of sub pixels respectively
includes a light emitting element, and a PWM pixel circuit
configured to control a light emitting duration of the light
emitting element, based on a pulse width modulation
(PWM) data voltage and a sweep voltage. A plurality of
PWM pixel circuits included in the display panel are driven,
for each of row lines of the plurality of pixels, in an order
of'a data setting period for setting the PWM data voltage and
then a light emitting period in which the light emitting
element emits light during a duration corresponding to the
set PWM data voltage according to a change of the sweep
voltage.
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FIG. 5B
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DISPLAY PANEL AND DRIVING METHOD
OF THE DISPLAY PANEL

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is based on and claims priority
under 35 U.S.C. § 119 to Korean Patent Application No.
10-2019-0019641, filed on Feb. 20, 2019, in the Korean
Intellectual Property Office, the disclosure of which is
incorporated by reference herein in its entirety.

BACKGROUND

1. Field

[0002] The disclosure relates to a display panel and a
driving method of the display panel, and more particularly,
to a display panel driven by an active matrix (AM) method
and a driving method of the display panel.

2. Description of Related Art

[0003] For conventional inorganic light emitting diode
(LED) display panels, passive matrix (PM) driving was a
mainstream technology, but in the case of PM driving, a light
emission duty ratio is low. Thus, it is not appropriate for low
power consumption. Accordingly, for low power consump-
tion of an inorganic light emitting diode (LED) display
panel, active matrix (AM) driving that uses a pixel circuit
consisting of a transistor and/or a capacitor is needed.
[0004] As AM driving methods, there are a pulse ampli-
tude modulation (PAM) method that expresses a gray scale
with the amplitude of a driving current, and a pulse width
modulation (PWM) method that expresses a gray scale with
the driving time (or the pulse width) of a driving current. As
PWM methods, there are a digital PWM method and an
analog PWM method.

[0005] In the case of an inorganic LED display panel,
there is a color shift phenomenon according to the size (or
the amplitude) of a driving current due to the characteristic
of an LED, and thus a PWM method is more appropriate
than a PAM method.

[0006] In the case of a digital PWM method, as a gray
scale is expressed by a sub field method, there is a problem
of a false contour noise, and if the number of sub fields is
increased for reducing the problem of a false contour noise,
there is a problem that the light emission duty ratio is
decreased.

[0007] An analog PWM method is a method of controlling
turning-on/turning-off of a control transistor by moving a
PWM data voltage that is set (or programmed) in a gate
terminal of the control transistor up and down through an
external sweep signal (e.g., a triangle wave), and in accor-
dance thereto, controlling the driving time of a driving
current (i.e., the light emitting time of a light emitting
element).

[0008] As analog PWM methods, there are a method of
using a complementary metal oxide semiconductor (CMOS)
type transistor and a method of using a single type transistor
of any one of an N-channel metal oxide semiconductor
(NMOS) or a P-channel metal oxide semiconductor field
(PMOS).

[0009] Here, a CMOS type transistor cannot be applied to
an oxide thin film transistor (TFT), and even though it can
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be applied to a low temperature polycrystalline silicon
(LTPS) TFT, there is a problem that the cost increases.
[0010] In the case of a method using a conventional single
type transistor, setting (or programming) of a PWM data
voltage that determines the turning-on/turning-off time of a
light emitting element and light emission of a light emitting
element according to a sweep signal cannot be performed
simultaneously, and thus there is a limit to raising a light
emission duty ratio.

SUMMARY

[0011] Provided are a display panel wherein a data voltage
can be stably set and a high light emission duty ratio can be
secured, and a driving method of the display panel.

[0012] Additional aspects will be set forth in part in the
description that follows and, in part, will be apparent from
the description, or may be learned by practice of the pre-
sented embodiments.

[0013] According to embodiments, a display panel
includes a plurality of pixels arranged in a matrix, the
plurality of pixels respectively including a plurality of sub
pixels. The plurality of sub pixels respectively includes a
light emitting element, and a PWM pixel circuit configured
to control a light emitting duration of the light emitting
element, based on a pulse width modulation (PWM) data
voltage and a sweep voltage. A plurality of PWM pixel
circuits included in the display panel are driven, for each of
row lines of the plurality of pixels, in an order of a data
setting period for setting the PWM data voltage and then a
light emitting period in which the light emitting element
emits light during a duration corresponding to the set PWM
data voltage according to a change of the sweep voltage. The
data setting period and the light emitting period are con-
tinuous in time, and the data setting period is driven sequen-
tially for each of the row lines.

[0014] While a plurality of PWM pixel circuits corre-
sponding to a first row line of the plurality of pixels operates
in the light emitting period, a plurality of PWM pixel circuits
corresponding to a second row line of the plurality of pixels
may operate in the data setting period.

[0015] A sum of a time period of the data voltage setting
period and a time period of the light emitting period may be
a time period of one image frame, and a total time period in
which all row lines of the plurality of pixels are driven once
may exceed the time period of the one image frame.
[0016] The PWM pixel circuit may include a control
transistor configured to be turned on and off, based on the
PWM data voltage and the sweep voltage, to control the
light emitting duration of the light emitting element based on
a turning-on and off operation of the control transistor. A
gate terminal voltage of the control transistor may be set as
a first voltage, based on the PWM data voltage and the
sweep voltage during the data setting period, and The gate
terminal voltage of the control transistor may change
according to the change of the sweep voltage during the light
emitting period, so that the control transistor is turned on
during a time period corresponding to the PWM data volt-
age.

[0017] The control transistor may be an N-channel metal
oxide semiconductor field effect transistor (NMOSFET),
and a source terminal of the control transistor may be
connected to a ground voltage terminal. The PWM pixel
circuit may further include a first transistor connected
between a drain terminal of the first transistor and a gate
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terminal of the control transistor, a first capacitor including
a first end connected to the drain terminal of the first
transistor and the gate terminal of the control transistor, a
second transistor including a drain terminal connected to a
data line to which the PWM data voltage is applied, and a
source terminal connected to a second end of the first
capacitor, a third transistor including a source terminal
connected to the drain terminal of the first transistor, the gate
terminal of the control transistor, and the first end of the first
capacitor, and a drain terminal to which an initial voltage is
applied, a fourth transistor including a drain terminal to
which the sweep voltage is applied, and a source terminal
connected to the second end of the first capacitor and the
source terminal of the second transistor, and a fifth transistor
including a drain terminal connected to a cathode terminal of
the light emitting element, and a source terminal connected
to the source terminal of the first transistor and the drain
terminal of the control transistor. An anode terminal of the
light emitting element may be connected to a driving voltage
terminal.

[0018] The gate terminal voltage of the control transistor
in the data setting period may become the initial voltage
through the third transistor being turned on based on a
second driving signal, while the fourth transistor is turned
off based on a first driving signal, may become a second
voltage from the initial voltage, while the third transistor is
turned off based on the second driving signal and the first
transistor and the second transistor are turned on based on a
third driving signal, and may be set as the first voltage from
the second voltage, based on the first transistor and the
second transistor being turned off according to the third
driving signal and the fourth transistor being turned on
according to the first driving signal. The first voltage may be
reduced from the second voltage as much as a difference
value between the PWM data voltage and a sweep voltage
at a time point when the fourth transistor is turned on, and
the second voltage may be a sum of a ground voltage of the
ground voltage terminal and a threshold voltage of the
control transistor.

[0019] The fourth transistor may be configured to, in the
light emitting period, maintain a turned-on state, based on
the first driving signal, and the gate terminal voltage of the
control transistor, in the light emitting period, may change
from the first voltage, based on the sweep voltage applied
through the turned-on fourth transistor.

[0020] The control transistor may be configured to, in the
light emitting period, be turned on in a time in which a gate
voltage of the gate terminal that changes based on the sweep
voltage is higher than the second voltage, and the light
emitting element may be configured to, in the light emitting
period, emit light, based on a driving current that flows
through the control transistor while the control transistor is
turned on.

[0021] The PWM pixel circuit may further include a
constant current source configured to provide a driving
current of a regular amplitude to the light emitting element,
and the drain terminal of the fifth transistor may be con-
nected with the cathode terminal of the light emitting
element through the constant current source, and the fifth
transistor is turned on during the light emitting period
according to the first driving signal.

[0022] The drain terminal of the third transistor may be
connected with the data line, and the initial voltage may be
the PWM data voltage.
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[0023] The display panel may further include a pulse
amplitude modulation (PAM) driving circuit configured to
control an amplitude of a driving current that is provided to
the light emitting element, based on a PAM data voltage.
[0024] The control transistor may be a P-channel metal
oxide semiconductor field effect transistor (PMOSFET), and
a source terminal of the control transistor is connected to a
driving voltage terminal, and the PWM pixel circuit may
further include a sixth transistor connected between a drain
terminal and a gate terminal of the control transistor, a
second capacitor including a first end connected to a source
terminal of the sixth transistor and the gate terminal of the
control transistor, a seventh transistor including a source
terminal connected to a data line to which the PWM data
voltage is applied, and a drain terminal connected to a
second end of the second capacitor, an eighth transistor
including a drain terminal connected to the source terminal
of the sixth transistor, the gate terminal of the control
transistor, and the first end of the second capacitor, and a
source terminal to which an initial voltage is applied, a ninth
transistor including a source terminal to which the sweep
voltage is applied, and a drain terminal connected to the
second end of the second capacitor and the drain terminal of
the seventh transistor, and a tenth transistor including a drain
terminal connected to an anode terminal of the light emitting
element, and a source terminal connected to the drain
terminal of the sixth transistor and the drain terminal of the
control transistor. A cathode terminal of the light emitting
element may be connected to a ground voltage terminal.
[0025] The gate terminal voltage of the control transistor
in the data setting period may become the initial voltage
through the eighth transistor being turned on based on a fifth
driving signal, while the ninth transistor is turned off based
on a fourth driving signal, become a third voltage from the
initial voltage, while the eighth transistor is turned off based
on the fifth driving signal and the sixth transistor and the
seventh transistor are turned on based on a sixth driving
signal, and may be set as the first voltage from the third
voltage, based on the sixth transistor and the seventh tran-
sistor being turned off according to the sixth driving signal
and the ninth transistor being turned on according to the
fourth driving signal. The first voltage may be raised from
the third voltage as much as a difference value between the
PWM data voltage and a sweep voltage at a time point when
the ninth transistor is turned on, and the third voltage may
be a value of subtracting a threshold voltage of the control
transistor from a driving voltage of the driving voltage
terminal.

[0026] The ninth transistor may be configured to, in the
light emitting period, maintain a turned-on state, based on
the fourth driving signal, and the gate terminal voltage of the
control transistor, in the light emitting period, may change
from the first voltage, based on the sweep voltage applied
through the turned-on ninth transistor.

[0027] The control transistor may be configured to, in the
light emitting period, be turned on in a time period in which
a gate voltage of the gate terminal that changes based on the
sweep voltage is lower than the third voltage, and the light
emitting element may be configured to emit light, based on
a driving current that flows through the control transistor
while the control transistor is turned on.

[0028] The sweep voltage may be a periodic signal in one
time period of one image frame, and continuously change
during the one time period.
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[0029] According to embodiments, a driving method of a
display panel is provided. The display panel includes a
plurality of pixels arranged in a matrix, the plurality of
pixels respectively including a plurality of sub pixels respec-
tively. The plurality of sub pixels respectively may include
a light emitting element, and a PWM pixel circuit configured
to control a light emitting duration of the light emitting
element, based on a pulse width modulation (PWM) data
voltage and a sweep voltage. The driving method may
include driving a plurality of PWM pixel circuits included in
the display panel, for each of row lines of the plurality of
pixels, in an order of a data setting period for setting the
PWM data voltage and then a light emitting period in which
the light emitting element emits light during a duration
corresponding to the set PWM data voltage according to a
change of the sweep voltage. The data setting period and the
light emitting period may be continuous in time, and the data
setting period may be driven sequentially for each of the row
lines.

[0030] The driving may include driving a plurality of
PWM pixel circuits corresponding to a first row line of the
plurality of pixels, in the light emitting period, and while the
plurality of PWM pixel circuits corresponding to the first
row line are driven in the light emitting period, driving a
plurality of PWM pixel circuits corresponding to a second
row line of the plurality of pixels in the data setting period.
[0031] A sum of a time period of the data voltage setting
period and a time period of the light emitting period may be
a time period of one image frame, and a total time period in
which all row lines of the plurality of pixels may be driven
once exceeds the time period of the one image frame.
[0032] According to embodiments, a display panel
includes a plurality of pixels arranged in a matrix, the
plurality of pixels respectively including a plurality of sub
pixels. The plurality of sub pixels may include a first
plurality of light emitting elements in a first row line of the
plurality of pixels, a first PWM pixel circuit configured to,
based on a change of a sweep voltage, set a pulse width
modulation (PWM) data voltage in a first time period, and
control the first plurality of light emitting elements to emit
first light in a second time period corresponding to the PWM
data voltage set in the first time period, the second time
period being continuously after the first time period, a
second plurality of light emitting elements in a second row
line of the plurality of pixels, a second PWM pixel circuit
configured to, while the first plurality of light emitting
elements are being controlled to emit the first light in the
second time period, set the PWM data voltage in a third time
period, and control the second plurality of light emitting
elements to emit second light in a fourth time period
corresponding to the PWM data voltage set in the third time
period, the fourth time period being continuously after the
third time period.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] The above and other aspects, features, and advan-
tages of embodiments of the disclosure will be more appar-
ent from the following description taken in conjunction with
the accompanying drawings, in which:

[0034] FIG. 1 is a plan view of a display panel for
illustrating a pixel configuration of the display panel accord-
ing to embodiments;

[0035] FIG. 2 s a cross-sectional view of the display panel
of FIG. 1;
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[0036] FIG. 3 is a block diagram schematically illustrating
a configuration of a sub pixel included in a display panel
according to embodiments;

[0037] FIG. 4 is a diagram for illustrating a driving
method of a display panel according to embodiments;
[0038] FIG. 5A is a diagram illustrating a driving method
of a display panel according to embodiments;

[0039] FIG. 5B is a diagram illustrating a driving method
of a conventional display panel;

[0040] FIG. 6A is a circuit diagram illustrating a detailed
configuration of a sub pixel according to embodiments;
[0041] FIG. 6B is a diagram for illustrating a detailed
operation of the sub pixel in FIG. 6A;

[0042] FIG. 6C is a diagram for illustrating a different
driving method of the sub pixel in FIG. 6A;

[0043] FIG. 7 is a diagram illustrating types of sweep
voltages according embodiments;

[0044] FIG. 8 is a circuit diagram illustrating a detailed
configuration of a sub pixel wherein a separate initial
voltage is applied to a PWM pixel circuit, according to
embodiments;

[0045] FIG. 9A is a circuit diagram illustrating a detailed
configuration of a sub pixel wherein all transistors included
in a PWM pizxel circuit consist of PMOSFETs, according to
embodiments;

[0046] FIG. 9B is a circuit diagram illustrating a detailed
configuration of a sub pixel wherein an initial voltage is
separately applied in the PWM pixel circuit in FIG. 9A;
[0047] FIG. 9C is a diagram for illustrating a detailed
operation of the sub pixel in FIGS. 9A and 9B;

[0048] FIG. 10 is a circuit diagram illustrating a detailed
configuration of a sub pixel wherein an NMOSFET and a
PMOSFET are interchangeably used in a PWM pixel circuit,
according to embodiments;

[0049] FIG. 11 is a circuit diagram illustrating a detailed
configuration of a sub pixel wherein a PWM pixel circuit is
constituted using a CMOSFET, according to embodiments;
[0050] FIG. 12 is a circuit diagram illustrating a detailed
configuration of a sub pixel constituted without a constant
current source, according to embodiments;

[0051] FIG. 13 is a schematic block diagram of a sub pixel
further including a PAM pixel circuit, according to embodi-
ments;

[0052] FIG. 14A is a circuit diagram illustrating an
example of a configuration of a sub pixel further including
a PAM pixel circuit in addition to the PWM pixel circuit in
FIG. 6A, according to embodiments;

[0053] FIG. 14B is a diagram illustrating a first method of
driving the sub pixel in FIG. 14A;

[0054] FIG. 14C is a diagram illustrating a second method
of driving the sub pixel in FIG. 14A;

[0055] FIG. 15A is a circuit diagram illustrating a detailed
configuration of a sub pixel wherein both of a PAM pixel
circuit and a PWM pixel circuit included in the sub pixel of
a display panel are implemented as PMOSFETs, according
to embodiments;

[0056] FIG. 15B is a diagram illustrating a method of
driving of the sub pixel in FIG. 15A;

[0057] FIG. 16A is a circuit diagram illustrating another
detailed configuration of a sub pixel according to embodi-
ments;

[0058] FIG. 16B is a diagram illustrating a method of
driving the sub pixel in FIG. 16A; and
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[0059] FIG. 17 is a flowchart of a driving method of a
display panel, according to embodiments.

DETAILED DESCRIPTION

[0060] According to embodiments, a display panel
wherein a data voltage can be stably set and a high light
emission duty ratio can be secured, and a driving method of
the display panel can be provided. Accordingly, low power
consumption in various types of display panels such as an
inorganic LED display panel becomes possible.

[0061] In explaining the disclosure, in case it is deter-
mined that detailed explanation of related known technolo-
gies may unnecessarily confuse the gist of the disclosure, the
detailed explanation will be omitted. Also, overlapping
explanation about the same components will be omitted as
much as possible.

[0062] The suffix “part” for components used in the fol-
lowing description is provided or interchangeably used in
consideration of only easiness of drafting the specification,
and does not have meaning or a function of itself distin-
guishing it from other components.

[0063] The terms used in the disclosure are used to explain
the embodiments, and are not intended to restrict and/or
limit the disclosure. Also, singular expressions include plu-
ral expressions, unless defined obviously differently in the
context.

[0064] Also, in the disclosure, terms such as ‘include’ and
‘have’ may be construed as designating that there are such
characteristics, numbers, steps, operations, elements, com-
ponents or a combination thereof described in the specifi-
cation, but not as excluding in advance the existence or
possibility of adding one or more of other characteristics,
numbers, steps, operations, elements, components or a com-
bination thereof.

[0065] In addition, the expressions “first,” “second” and
the like used in the disclosure may be used to describe
various elements regardless of any order and/or degree of
importance. Also, such expressions are used only to distin-
guish one element from another element, and do not limit the
elements.

[0066] Further, the description in the disclosure that one
element (e.g., a first element) is “(operatively or communi-
catively) coupled with/to” or “connected to” another ele-
ment (e.g., a second element) may be interpreted to include
both the case in which the one element is directly coupled to
the another element, and the case in which the one element
is coupled to the another element through still another
element (e.g., a third element). In contrast, the description
that one element (e.g., a first element) is “directly coupled”
or “directly connected” to another element (e.g., a second
element) can be interpreted to mean that still another ele-
ment (e.g., a third element) does not exist between the one
element and the another element.

[0067] Also, the terms used in the embodiments of the
disclosure may be interpreted as meanings generally known
to those of ordinary skill in the art described in the disclo-
sure, unless defined differently in the disclosure.

[0068] Hereinafter, various embodiments of the disclosure
will be described in detail with reference to the accompa-
nying drawings.

[0069] FIG. 1 is a plan view of a display panel 1000 for
illustrating a pixel configuration of the display panel 1000
according to embodiments.

2 <
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[0070] Asillustrated in FIG. 1, the display panel 1000 may
include a plurality of pixel areas 10-1 to 10-» arranged in the
form of a matrix. Here, the matrix form may include a
plurality of row lines or a plurality of column lines. A row
line may otherwise be referred to as a horizontal line or a
scan line, and a column line may otherwise be referred to as
a vertical line or a data line.

[0071] In each pixel area 10-1 to 10-7, three types of sub
pixels such as a red (R) sub pixel 20-1, a green (G) sub pixel
20-2, and a blue (B) sub pixel 20-3 are included, and the R,
G, and B sub pixels included in each pixel area 10-1 to 10-»
constitute one pixel of the display panel 1000.

[0072] Accordingly, according to embodiments, a plural-
ity of pixels included in the display panel 1000 respectively
include a plurality of sub pixels (three sub pixels such as R,
G, and B in the example of FIG. 1), and they may be
disposed or arranged in the form of a matrix inside the
display panel 1000.

[0073] Here, each sub pixel 20-1 to 20-3 may include a
light emitting element corresponding to the type of the sub
pixel and a pulse width modulation (PWM) pixel circuit
controlling the light emitting duration of the light emitting
element. That is, the R sub pixel 20-1 may include an R light
emitting element and a PWM pixel circuit controlling the
light emitting duration of the R light emitting element, the
G sub pixel 20-2 may include a G light emitting element and
a PWM pixel circuit controlling the light emitting duration
of the G light emitting element, and the B sub pixel 20-3
may include a B light emitting element and a pixel circuit
controlling the light emitting duration of the B light emitting
element, respectively.

[0074] Each PWM pixel circuit controls the driving time
of a corresponding light emitting element based on the
applied PWM data voltage and sweep voltage. A detailed
content in this regard will be described later.

[0075] In the pixel configuration of the display panel 1000
as above, a plurality of PWM pixel circuits included in the
display panel 1000 may be driven in the order of a data
setting period and a light emitting period for each row line
of the plurality of pixels.

[0076] Here, a data setting period is a period for setting or
programming an applied PWM data voltage to a PWM pixel
circuit, and a light emitting period is a period wherein a light
emitting element emits light during a time period corre-
sponding to the set PWM data voltage according to the
change of the sweep voltage.

[0077] A data setting period and a light emitting period are
continuous in time, and a PWM data voltage is applied to a
PWM pixel circuit for each row line.

[0078] Accordingly, according to embodiments, while
PWM pixel circuits included in a first row line among a
plurality of PWM pixel circuits included in the display panel
1000 operate in a light emitting period, PWM pixels
included in a second row line may operate in a data setting
period.

[0079] That is, according to embodiments, when a display
panel is driven, setting (or programming) of PWM data and
light emission of a light emitting element can be performed
at the same time, and thus a light emission duty ratio of a
light emitting element can be drastically raised, and at the
same time, stable data programming becomes possible.
[0080] InFIG. 1, an embodiment wherein sub pixels 20-1
to 20-3 are arranged in the form of the alphabet L. with its
right and left sides changed in one pixel area was suggested
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as an example. However, embodiments are not limited
thereto, and the R, G, and B sub pixels 20-1 to 20-3 may be
arranged in a row in a pixel area, or arranged in various
forms depending on embodiments.

[0081] Also, in FIG. 1, explanation was made based on an
example wherein three types of sub pixels constitute one
pixel. However, depending on embodiments, four types of
sub pixels such as R, G, B, and W (white) may constitute one
pixel, or sub pixels in numerous different numbers may
constitute one pixel.

[0082] FIG. 2 is a cross-sectional view of the display panel
1000 of FIG. 1. In FIG. 2, for the convenience of explana-
tion, only one pixel included in the display panel 1000 was
illustrated, but the display panel 1000 obviously includes a
plurality of pixels as in FIG. 1.

[0083] According to FIG. 2, the display panel 1000
includes a substrate 40, a thin film transistor (TFT) layer 30,
and light emitting elements R, G, and B 110-1 to 110-3. Each
of the light emitting elements R, G, and B 110-1 to 110-3 is
arranged on the TFT layer 30 and constitutes each sub pixel
20-1 to 20-3 of the display panel 1000.

[0084] The substrate 40 may be implemented as synthetic
resin or glass, etc., and depending on embodiments, it may
be implemented as a hard material or a flexible material.
[0085] The TFT layer 30 may be any type such as an
amorphous silicon (a-si) type, a low temperature poly silicon
(LTPS) type, an oxide type, an organic type, etc.

[0086] In the TFT layer 30, pixel circuits for driving the
light emitting elements 110-1 to 110-3 exist for each of the
light emitting elements 110-1 to 110-3. Here, in the pixel
circuits, a pulse amplitude modulation (PAM) pixel circuit
for controlling the size (or the amplitude) of a driving
current provided to a light emitting element and a pulse
width modulation (PWM) pixel circuit for controlling the
pulse width (or the duty ratio or the driving time) of a driving
current provided to a light emitting element may be
included.

[0087] Each of the light emitting elements R, G, and B
110-1 to 110-3 may be mounted or arranged on the TFT layer
30 such that they are electronically connected to correspond-
ing pixel circuits. For example, as illustrated in FIG. 2, the
R light emitting element 110-1 may be mounted or arranged
such that the anode electrode 3 and the cathode electrode 4
of the R light emitting element 110-1 are respectively
connected to the anode electrode 1 and the cathode electrode
2 formed on the pixel circuit corresponding to the R light
emitting element 110-1, and this is also the same for the G
light emitting element 110-2 and the B light emitting ele-
ment 110-3. Depending on embodiments, one of the anode
electrode 1 or the cathode electrode 2 may be implemented
as a common electrode.

[0088] As illustrated in FIG. 2, according to embodiments,
the light emitting elements 110-1 to 110-3 directly constitute
the sub pixels of the display panel 1000. In this case, the
light emitting elements 110-1 to 110-3 may be inorganic
light emitting diodes (inorganic LEDs) or organic light
emitting diodes (OLEDs).

[0089] Depending on embodiments, the display panel
1000 may further include a MUX circuit for selecting any
one of the plurality of sub pixels 20-1 to 20-3 constituting
one pixel, an electro static discharge (ESD) circuit for
preventing static electricity generated at the display panel
1000, a power circuit for providing power to a pixel circuit,
a clock providing circuit for providing a clock driving a
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pixel circuit, at least one gate driver for driving the pixels of
the display panel 1000 arranged in the form of a matrix by
row line units (or row units), a data driver (or a source
driver) for providing a data voltage (e.g., a PAM data voltage
or a PWM data voltage, etc.) to each pixel or each sub pixel,
etc.

[0090] FIG. 3 is a block diagram schematically illustrating
a configuration of a sub pixel 100 included in a display panel
according to embodiments. According to FIG. 3, a sub pixel
100 includes a light emitting element 110 and a PWM pixel
circuit 120.

[0091] The light emitting element 110 constitutes the sub
pixels 20-1 to 20-3 of the display panel 1000, and there may
be a plurality of types of them according to the colors of the
lights they emit. For example, in the light emitting elements
110, there may be a red (R) light emitting element emitting
a light of a red color, a green (G) light emitting element
emitting a light of a green color, and a blue (B) light emitting
element emitting a light of a blue color.

[0092] Accordingly, types of the sub pixels may be deter-
mined according to the types of the light emitting elements
200. That is, an R light emitting element may constitute an
R sub pixel 20-1, a G light emitting element may constitute
a G sub pixel 20-2, and a B light emitting element may
constitute a B sub pixel 20-3.

[0093] Here, the light emitting element 110 may be an
organic light emitting diode (OLED) that is manufactured by
using an organic material or an inorganic LED that is
manufactured by using an inorganic material. Here, an
inorganic LED may be a flip chip type, or it may be a lateral
type or a vertical type.

[0094] The light emitting element 110 may be a micro
light emitting diode (LED) (u-LED) among inorganic LEDs.
A micro LED refers to an ultra mini inorganic light emitting
element of a size smaller than or equal to 100 micrometers
(um) that emits light by itself without a backlight or a color
filter.

[0095] The light emitting element 110 emits light accord-
ing to a driving current provided by the PWM pixel circuit
120. The light emitting element 110 emits light during a
driving time of a driving current provided by the PWM pixel
circuit 120. Here, a driving time of a driving current may
also be expressed as a duty ratio of a driving current or a
pulse width of a driving current.

[0096] For example, the light emitting element 110 may
indicate a gray scale of higher luminance as a driving time
of a driving current provided by the PWM pixel circuit 120
is longer (or as a duty ratio is higher or a pulse width is
longer), but the disclosure is not limited thereto.

[0097] The PWM pixel circuit 120 drives the light emit-
ting element 110. The PWM pixel circuit 120 may pulse
width modulation (PWM) drive the light emitting element
110 to control the gray scale of the light emitted by the light
emitting element 110.

[0098] That is, the PWM pixel circuit 120 may, for
example, receive a PWM data voltage from a data driver,
and provide a driving current having a pulse width con-
trolled according to the applied PWM data voltage to the
light emitting element 110, and thereby drive the light
emitting element 110.

[0099] The PWM pixel circuit 120 may set (or program)
a PWM data voltage by operating according to various types
of driving signals that will be described later, and provide a
driving current having a driving time (or a pulse width)
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corresponding to the set PWM data voltage to the light
emitting element 110 according to the change of the sweep
voltage.

[0100] A PWM driving method is a method of expressing
a gray scale according to the light emitting duration of the
light emitting element 110. In case the light emitting element
110 is driven by a PWM method, various gray scales may be
expressed by varying the pulse width even if the amplitude
of the driving current is the same. Accordingly, according to
embodiments, the problem of a color shift that may occur in
the case of driving an LED (or a micro LED) only by a PAM
method of expressing a gray scale according to the ampli-
tude of a driving current can be overcome.

[0101] FIG. 4 is a diagram for illustrating a driving
method of a display panel according to embodiments. In
FIG. 4, a case wherein the display panel 1000 consists of 150
row lines was suggested as an example, but embodiments
are not limited thereto.

[0102] In FIG. 4, driving timing for each line illustrates
driving timing for each row line of a plurality of pixels
arranged in the form of a matrix. Here, “a” indicates the time
period of one image frame, “b” indicates a data setting
period, and “c” indicates a light emitting period.

[0103] Each row line of the display panel 1000 includes a
plurality of pixels, and each of the plurality of pixels
includes a plurality of sub pixels 100. Thus, the fact that the
display panel 1000 is driven for each row line means that a
plurality of PWM pixel circuits 120 included in the display
panel 1000 are driven for each row line.

[0104] According to embodiments, the plurality of PWM
pixel circuits 120 included in the display panel 1000 may be
driven in the order of a data setting period b and a light
emitting period ¢ for each row line, as illustrated in FIG. 4.
Here, the data setting period b is a time period for setting or
programming an applied PWM data voltage to the PWM
pixel circuit 120, and the light emitting period ¢ is a time
period wherein the light emitting element 110 emits light
during a duration corresponding to the set PWM data
voltage according to the change of the sweep voltage.
[0105] The data setting period b and the light emitting
period ¢ as described above are continuous in time in one
image frame a. That is, when PWM data setting is com-
pleted, the PWM pixel circuits 120 included in each line
continuously operate in the light emitting period ¢ in no
time.

[0106] A PWM data voltage is applied to the PWM pixel
circuit 120 during the data setting period b. As illustrated in
FIG. 4, according to embodiments, the data setting period b
proceeds sequentially for each row line. Thus, a PWM data
voltage is also applied to the PWM pixel circuit 120 sequen-
tially for each row line.

[0107] As described above, according to embodiments,
the data setting period b and the light emitting period ¢ that
are continuous in time are driven sequentially for each row
line. Thus, while one line among a plurality of row lines of
the display panel 1000 (to be exact, PWM pixel circuits
included in the one row line) operates in the light emitting
period c, other row lines (to be exact, PWM pixel circuits
included in the other row lines) may operate in the data
setting period b.

[0108] For example, referring to the driving timing for
each line illustrated in FIG. 4, it can be seen that the data
setting period b of the fiftieth row line is included in the light
emitting period ¢ of the first row line.
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[0109] A period of a sweep voltage is the time period a of
one image frame, and the sweep signal may be a periodic
signal that continuously changes during the period. Here, to
the entire PWM pixel circuits 120 included in the display
panel 1000, sweep voltage of the same waveform may be
applied simultaneously. Alternatively, depending on
embodiments, it is possible that sweep voltage of the same
waveform are applied at different time points for each row
line.

[0110] The driving currents for each line illustrate driving
currents flowing in each row line of the display panel 1000.
In FIG. 4, for the convenience of understanding, a case
wherein the same PWM data voltages were applied to all of
the plurality of PWM pixel circuits 120 included in each row
line was assumed.

[0111] A PWM data voltage defines the driving time (or
the pulse width) of a driving current. Thus, if the PWM data
voltages are the same, the PWM pixel circuits 120 respec-
tively provide a driving current having the same driving time
(or the pulse width) to corresponding light emitting elements
110. In this case, each light emitting element 110 emits light
during the same duration in the light emitting period ¢ of
each row line.

[0112] Referring to FIG. 4, PWM pixel circuits included in
the first row line provide a driving current of which driving
time is 7 to each corresponding light emitting element in the
light emitting period of the first row line. Also, PWM pixel
circuits included in the fiftieth row line provide a driving
current of which driving time is x and a driving current of
which driving time is y to each corresponding light emitting
element in the light emitting period of the fiftieth row line.
In addition, PWM pixel circuits included in the one hundred
fiftieth row line provide a driving current of which driving
time is 7 to each corresponding light emitting element in the
light emitting period of the one hundred fiftieth row line.
Here, the sum of x and y will be z.

[0113] Embodiments are not limited to the above cases. To
the PWM pizxel circuits included in the display panel 1000,
PWM data voltages different from one another may be
applied. Accordingly, each PWM pixel circuit may provide
driving currents having different driving time to each cor-
responding light emitting element in the light emitting
period of the row line wherein it is included.

[0114] FIG. 5A is a diagram illustrating a driving method
of a display panel according to embodiments. FIG. 5A
illustrates the driving timing for each row line included in
the display panel 1000, and the sweep voltages and the
driving currents applied to each row line while the display
panel 1000 according to embodiments is driven during the
time periods of two image frames.

[0115] As described above, the PWM pixel circuits
included in each row line of the display panel 1000 are
driven in the order of a data setting period b and a light
emitting period ¢, and the sum of the data setting period b
and the light emitting period ¢ may be the time period a of
one image frame.

[0116] Here, the data setting period of each row line may
be driven sequentially during the time period of one frame,
as illustrated in FIG. SA. In this case, as a data setting period
and a light emitting period are continuous time periods, the
total time period wherein all row lines of the plurality of
pixels arranged in the form of a matrix in the display panel
1000 are driven once may exceed the time period of one
image frame. For example, the total time period wherein all
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row lines of the display panel 1000 are driven once may
approximately be time periods of two image frames, as
illustrated in FIG. 5A, but is not limited thereto. Depending
on embodiments, the total time period wherein all row lines
of the display panel 1000 are driven once may be set
appropriately between a time period exceeding the time
period of one image frame and a time period smaller than or
equal to the time periods of two image frames.

[0117] FIG. 5B is a diagram illustrating a driving method
of a conventional display panel. FIG. 5B illustrates the
driving timing for each row line, and the sweep voltages and
the driving currents applied to each row line while a con-
ventional display panel is driven during the time periods of
two image frames.

[0118] As illustrated in FIG. 5B, in the case of a conven-
tional technology, a data setting period and a light emitting
period are not continuous in time. That is, in a conventional
display panel, a data setting period and a light emitting
period are driven while being distinguished for the entire
row lines during the time period of one image frame.
[0119] Accordingly, for example, in the case of FIG. 5A,
after a PWM data voltage is set during a data setting period,
the plurality of PWM pixel circuits included in the first row
line immediately operate in a light emitting period regard-
less of whether the data setting periods of the other lines
proceed, but in the case of FIG. 5B, a light emitting period
does not start immediately after PWM data is set, but a light
emitting period proceeds simultaneously with all other row
lines after data setting periods for all row lines proceed to the
last row line.

[0120] The time period of one image frame is the same in
all of the conventional technology and the embodiments of
the disclosure. Accordingly, in the case of the conventional
technology, a trade off relation exists between a data setting
period and a light emitting period based on the time period
of one image frame, and thus there is a limit to sufficiently
securing a light emitting period.

[0121] However, in the case of the various embodiments
of the disclosure, referring to the operation of the entire row
lines based on the time period of one image frame, data
setting and light emission of a light emitting element are
possible at the same time (for example, while the second row
line is operating in a data setting period, the first row line
may operate in a light emitting period). Accordingly, a
sufficiently long period of time may be allotted to data
setting while a light emission duty ratio (=a ratio that a light
emitting period occupies during the time period of one
frame) is drastically raised to be close to approximately
100%.

[0122] Accordingly, according to the various embodi-
ments of the disclosure, improvement of luminance or low
power consumption of the display panel 1000 is possible,
and at the same time, stable data setting (or programming)
is possible even in case the setting time of a data voltage
becomes longer as a panel load increases or the compensa-
tion time of a threshold voltage becomes longer due to the
low mobility of a transistor.

[0123] Hereinafter, the detailed configuration and the driv-
ing method of the PWM pixel circuit 120 will be explained
with reference to FIGS. 6A to 6C.

[0124] FIG. 6A is a circuit diagram illustrating a detailed
configuration of a sub pixel according to embodiments.
[0125] According to embodiments, one sub pixel included
in the display panel 1000 may include a PWM pixel circuit
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120, a light emitting element 110, and a constant current
source 130, as illustrated in FIG. 6A.

[0126] The PWM pixel circuit 120 may control the light
emitting duration of the light emitting element 110. The
PWM pixel circuit 120 may include a control transistor 121
serially connected with the constant current source 130 and
the light emitting element 110, and control the light emitting
duration of the light emitting element 110 based on the
turn-on/turn-off operation of the control transistor 121.

[0127] The control transistor 121 may be turned on/turned
off based on a PWM data voltage and a sweep voltage
applied to the PWM pixel circuit 120. In the control tran-
sistor 121, the gate terminal voltage Vg may be set (or
programmed) to a first voltage based on a PWM data voltage
and a sweep voltage during a data setting period, and the
gate terminal voltage Vg may change according to the sweep
voltage during a light emitting period and be turned on
during a time period corresponding to the PWM data volt-
age.

[0128] When the control transistor 121 is turned on in a
light emitting period as above, a driving current provided by
the constant current source 130 may flow in the light
emitting element 110 during the time period wherein the
control transistor 121 is turned on. The light emitting
element 110 emits light during the time period wherein a
driving current flows in the light emitting element 110, i.e.,
during the driving time (or the pulse width) of a driving
current, and thus the PWM pixel circuit 120 may control the
light emitting duration of the light emitting element 110
based on a PWM data voltage and a sweep voltage.

[0129] For this, according to embodiments, the PWM
pixel circuit 120 may be constituted as illustrated in FIG.
6A. FIG. 6A illustrates an embodiment wherein all the
transistors included in the PWM pixel circuit 120 consist of
N-channel metal oxide semiconductor field effect transistors
(NMOSFETs).

[0130] According to FIG. 6A, the PWM pixel circuit 120
may include a first transistor 122 connected between a drain
terminal and a gate terminal of the control transistor 121.
Also, the PWM pixel circuit 120 may include a first capaci-
tor 128 of which one end is commonly connected with a
drain terminal of the first transistor 122 and a gate terminal
of the control transistor 121. In addition, the PWM pixel
circuit 120 may include a second transistor 123 of which
drain terminal is connected with a data line 70 to which a
PWM data voltage is applied, and of which source terminal
is connected with the other end of the first capacitor 128.
Also, the PWM pixel circuit 120 may include a third
transistor 124 of which source terminal is commonly con-
nected with the drain terminal of the first transistor 122, the
gate terminal of the control transistor 121, and the one end
of the first capacitor 128, and of which drain terminal
receives an initial voltage. In addition, the PWM pixel
circuit 120 may include a fourth transistor 125 of which
drain terminal receives a sweep voltage, and of which source
terminal is commonly connected with the other end of the
first capacitor 128 and a source terminal of the second
transistor 123. Further, the PWM pixel circuit 120 may
include a fifth transistor 126 of which drain terminal is
connected with a cathode terminal of the light emitting
element 110, and of which source terminal is commonly
connected with the source terminal of the first transistor 122
and the drain terminal of the control transistor 121.
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[0131] Here, the anode terminal of the light emitting
element 110 may be connected with a driving voltage
(VDD) terminal 80, and the source terminal of the control
transistor 121 may be connected with the ground voltage
(VSS) terminal 80.

[0132] FIG. 6B is a diagram for illustrating a detailed
operation of the sub pixel in FIG. 6A. In FIG. 6B, the
reference numeral 610 illustrates the waveforms of a PWM
data voltage, the first to third driving signals, and the sweep
voltage applied to the PWM pixel circuit 120 in FIG. 6A
during the time period of one frame.

[0133] Also, the reference numeral 620 illustrates the
changes 625 of the gate terminal voltage (Vg, hereinafter,
referred to as Vg) of the control transistor 121 and the
voltage of the other end of the first capacitor 128 (Vin,
hereinafter, referred to as Vin) while various signals as the
reference numeral 610 are applied to the PWM pixel circuit
120, and the reference numeral 630 illustrates the driving
time (or the pulse width) of a driving current id when the Vg
changes as the reference numeral 620.

[0134] In the time period of one frame in FIG. 6B, the @
to @ periods indicate data setting periods, and the other
periods indicate light emitting periods.

[0135] The @ period is a period wherein the level of Vg
is initialized. While the fourth transistor 125 is turned off
according to the first driving signal, when the third transistor
124 is turned on according to the second driving signal, an
initial voltage is applied to the gate terminal of the control
transistor 121 through the turned-on third transistor 124.
Here, the initial voltage may be a voltage that is higher than
the threshold voltage of the control transistor 121.

[0136] Here, referring to FIG. 6A, it can be seen that the
drain terminal of the third transistor 124 is connected with
the data line 70 to which a PWM data voltage is applied.
That is, FIG. 6A illustrates an embodiment wherein a PWM
data voltage is used as an initial voltage.

[0137] Accordingly, when the third transistor 124 is turned
on according to the second driving signal in the @ period,
a PWM data voltage Vdata(m) is applied to the gate terminal
of the control transistor 121 as an initial voltage through the
turned on third transistor 124, and accordingly, the Vg is
raised to the PWM data voltage Vdata(m).

[0138] The @ period is a period for compensating the
threshold voltage Vth of the control transistor 121. In the @
period, the third transistor 124 is turned off according to the
second driving signal, and thus the initial voltage is not
applied to the gate terminal of the control transistor 121
anymore. Here, the first and second transistors 122, 123 are
in a turned-on state according to the third driving signal, and
thus the Vin maintains the PWM data voltage Vdata(m), and
the Vg is reduced from the initial voltage to a voltage
VSS+Vth that is a sum of the ground voltage VSS and the
Vth.

[0139] When the @ period starts, an initial voltage that is
bigger than the Vth is being applied to the gate terminal of
the control transistor 121, and thus the control transistor 121
is in a turned-on state. Also, the first transistor 122 is in a
turned-on state according to the third driving signal, and thus
a current gets to flow through the first transistor 122 and the
control transistor 121. As a current flows, the Vg gets to be
reduced from the initial voltage, and when the Vg is reduced
to VSS+Vth, the control transistor 121 is turned off, and thus
the flow of the current gets to stop.
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[0140] As described above, the Vg becomes VSS+Vth
during the @ period, and accordingly, the threshold voltage
Vith of the control transistor 121 gets to be compensated.
[0141] The @ period indicates a period wherein a PWM
data voltage is set (or programmed) to the gate terminal of
the control transistor. In the (3) period, the first and second
transistors 122, 123 are turned off according to the third
driving signal, and the fourth transistor 125 is turned on
according to the first driving signal.
[0142] Accordingly, the Vin is reduced from the PWM
data voltage Vdata(m) to the sweep voltage Vsweep(t) at the
time point when the first and second transistors 122, 123 are
turned off. That is, the Vin is reduced as much as Vdata
(m)-Vsweep(t)(625).
[0143] Such a change of the Vin is coupled to the gate
terminal of the control transistor 121 through the first
capacitor 128. Thus, theoretically, the Vg is also reduced
from VSS+Vth as much as Vdata(m)-Vsweep(t)(6).
Because of the parasitic capacitance component of the
control transistor, the Vg will actually be reduced a little
smaller than Vdata(m)-Vsweep(t)(625).
[0144] As described above, in the @ period, the Vg is
reduced from VSS+Vth as much as Vdata(m)-Vsweep(t)
(625), and accordingly, a PWM data voltage is set to the gate
terminal of the control transistor 121.
[0145] In the light emitting period that proceeds after-
wards, the fourth transistor 125 maintains a turned-on state
according to the first driving signal. Accordingly, the Vin
gets to change according to the change of the sweep voltage,
and such a change is coupled through the first capacitor 128
and the Vg also changes according to the change of the
sweep voltage. When the light emitting period starts, the Vg
gets to change from a voltage that is reduced from VSS+Vth
as much as Vdata(m)-Vsweep(t) according to the change of
the sweep voltage.
[0146] The control transistor 121 is turned on in a period
wherein the Vg that changes according to the change of the
sweep voltage becomes higher than VSS+Vth, and while the
control transistor 121 is turned on, a driving current id flows
in the light emitting element 110, and the light emitting
element 110 gets to emit light. In a period wherein the Vg is
lower than VSS+Vth among the light emitting periods, the
control transistor 121 is turned off, and thus the driving
current id obviously does not flow.
[0147] In the above operation, the fifth transistor 126
performs the role of electronically separating the light
emitting element 110 and the PWM pixel circuit 120 during
a data setting period. The fifth transistor 126 is in a turned-
off state in a data setting period according to the first driving
signal, and accordingly, in a data setting period, even if the
control transistor 121 is turned on, a driving current pro-
vided by the constant current source 130 does not get to flow
to the light emitting element 110.
[0148] FIG. 6C is a diagram for illustrating a different
driving method of the sub pixel in FIG. 6A. FIG. 6C is
identical to FIG. 6B, but as illustrated in the reference
numeral 600, the third driving signal is driven differently
from FIG. 6B.
[0149] That is, according to embodiments, the third driv-
ing signal may be driven such that, while the third transistor
124 is turned on according to the second driving signal in the
period, the first and second transistors 122, 123 are
turned off, and when the third transistor 124 is turned off (or
at the same time that the third transistor 124 is turned off)
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according to the second driving signal in the @ period, the
first and second transistors 122, 123 are turned on.

[0150] As described above, even if the third driving signal
is driven, the PWM pixel circuit 120 may operate in the
same way as described with reference to FIG. 6B above.
[0151] FIG. 7 is a diagram illustrating types of sweep
voltages according embodiments. As described above, a
sweep voltage may be a voltage wherein the time period of
one frame is one period, and which continuously changes
during one period.

[0152] Any voltage that satisfies the condition as above
may be used as a sweep voltage. For example, a sweep
voltage may have a form that continuously changes linearly
during the time period of one frame, as the sweep voltages
1 to 3 illustrated in FIG. 7, or it may have a form that
continuously changes non-linearly as the sweep voltage 4.
[0153] As described above, in FIG. 6A, an embodiment
wherein a PWM data voltage is used as an initial voltage was
explained, but embodiments are not limited thereto. That is,
according to another embodiment of the disclosure, to the
PWM pixel circuit 120, a separate initial voltage, but not a
PWM data voltage, may be applied according to a driving
order.

[0154] FIG. 8 is a circuit diagram illustrating a detailed
configuration of a sub pixel wherein a separate initial
voltage is applied to the PWM pixel circuit 120, according
to embodiments. Referring to FIG. 8, it can be seen that the
configuration of the sub pixels is identical to FIG. 6A, but a
separate initial voltage is applied to the PWM pixel circuit
120 as the reference numeral 800.

[0155] In this case, in the @ period of FIG. 6B, the Vin
and the Vg will not rise to a PWM data voltage Vdata(m),
but to an initial voltage (e.g., Vini) separately applied.
Excluding this, the other operations are as described with
reference to FIG. 6B above.

[0156] FIG. 9A is a circuit diagram illustrating a detailed
configuration of a sub pixel wherein all transistors included
in a PWM pixel circuit 120" consist of P-channel metal oxide
semiconductor field effect transistors (PMOSFETs), accord-
ing to embodiments.

[0157] According to FIG. 9A, the PWM pixel circuit 120"
may include a sixth transistor 122' connected between a
drain terminal and a gate terminal of the control transistor
121'. Also, the PWM pixel circuit 120" may include a second
capacitor 128' of which one end is commonly connected
with a source terminal of the sixth transistor 122" and a gate
terminal of the control transistor 121'. In addition, the PWM
pixel circuit 120" may include a seventh transistor 123' of
which source terminal is connected with a data line 70 to
which a PWM data voltage is applied, and of which drain
terminal is connected with the other end of the second
capacitor 128'. Also, the PWM pixel circuit 120" may include
an eighth transistor 124' of which drain terminal is com-
monly connected with the source terminal of the sixth
transistor 122", the gate terminal of the control transistor
121", and the one end of the second capacitor 128', and of
which source terminal receives an initial voltage. In addi-
tion, the PWM pixel circuit 120" may include a ninth
transistor 125' of which source terminal receives a sweep
voltage, and of which drain terminal is commonly connected
with the other end of the second capacitor 128' and the drain
terminal of the seventh transistor 123'. Further, the PWM
pixel circuit 120' may include a tenth transistor 126' of
which drain terminal is connected with an anode terminal of
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the light emitting element 110, and of which source terminal
is commonly connected with the drain terminal of the sixth
transistor 122" and the drain terminal of the control transistor
121"

[0158] Here, the cathode terminal of the light emitting
element 110 may be connected with the ground voltage
(VSS) terminal 90, and the source terminal of the control
transistor 121' may be connected with the driving voltage
(VDD) terminal 80.

[0159] Inthe case of FIG. 9A, it can be seen that the source
terminal of the eighth transistor 124' to which an initial
voltage is applied is connected with the data line 70 to which
a PWM data voltage is applied. That is, FIG. 9A illustrates
an embodiment wherein, when a transistor included in the
PWM pixel circuit 120' is a PMOSFET, a PWM data voltage
is used as an initial voltage.

[0160] However, as described above, a separate voltage
that is different from a PWM data voltage may be used as an
initial voltage.

[0161] FIG. 9B a circuit diagram illustrating a detailed
configuration of a sub pixel wherein an initial voltage is
separately applied in the PWM pixel circuit 120" in FIG. 9A.
Referring to FIG. 9B, it can be seen that the configuration of
the PWM pixel circuit 120" is identical to that of the PWM
pixel circuit 120" in FIG. 9A, but a separate initial voltage is
applied through the source terminal of the eighth transistor
124' as the reference numeral 900.

[0162] FIG. 9C is a diagram for illustrating a detailed
operation of the sub pixel in FIGS. 9A and 9B. In FIG. 9C,
the reference numeral 910 illustrates the waveforms of the
first to third driving signals and the sweep voltage applied to
the PWM pixel circuit 120" during the time period of one
frame.

[0163] Also, the reference numeral 920 illustrates the
changes 925 of the gate terminal voltage (Vg_w, hereinafter,
referred to as Vg_w) of the control transistor 121' and the
voltage of the other end of the second capacitor 128' (Vin,
hereinafter, referred to as Vin) while various signals as the
reference numeral 910 are applied to the PWM pixel circuit
120, and the reference numeral 930 illustrates the driving
time (or the pulse width) of a driving current id when the
Vg_w changes as the reference numeral 920.

[0164] The @ to @ periods in FIG. 9C indicate data
setting periods, and the other periods indicate light emitting
periods.

[0165] The @ period is a period wherein the level of
Vg_w is initialized. While the ninth transistor 125' is turned
off according to the fourth driving signal, when the eighth
transistor 124" is turned on according to the fifth driving
signal, an initial voltage Vini is applied to the gate terminal
of the control transistor 121' through the turned-on eighth
transistor 124'. Accordingly, Vg_w is initialized as Vini.
Here, as the initial voltage Vini, a PWM data voltage or a
voltage for a separate initial voltage may be used, as
described above.

[0166] The @ period is a period for compensating the
threshold voltage Vth of the control transistor 121'. In the @
period, the eighth transistor 124' is turned off according to
the fifth driving signal, and thus the initial voltage is not
applied to the gate terminal of the control transistor 121'
anymore. Here, the sixth and seventh transistors 122, 123'
are turned on according to the sixth driving signal, and thus
a current flows through the control transistor 121' and the
sixth transistor 122' during the @ period, and accordingly,
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the Vg_w rises from the initial voltage to a voltage that is a
value of subtracting the Vth from the driving voltage VDD
(VDD-Vth). As described above, during the @ period, the
Vg_w becomes VDD-Vth, and thus the threshold voltage
Vth of the control transistor 121' is compensated.

[0167] The @ period indicates a period wherein a PWM
data voltage is set (or programmed) to the gate terminal of
the control transistor. In the (3) period, the sixth and seventh
transistors 122', 123' are turned off according to the sixth
driving signal, and the ninth transistor 125' is turned on
according to the fourth driving signal.

[0168] Accordingly, the Vin rises from the PWM data
voltage V_PWM to the sweep voltage Vsweep(t) at the time
point when the sixth and seventh transistors 122', 123" are
turned off That is, the Vin rises as much as Vsweep(t)-V_
PWM (925).

[0169] Such a change of the Vin is coupled to the gate
terminal of the control transistor 121' through the second
capacitor 128'. Thus, theoretically, the Vg_w also rises from
VDD-Vth as much as Vsweep(t)-V_PWM (925). Because
of the parasitic capacitance component of the control tran-
sistor, the Vg will actually rise a little smaller than Vsweep
()-V_PWM (925). As described above, in the @ period,
the Vg_w rises from VDD-Vth as much as Vsweep(t)-V_
PWM (925), and accordingly, a PWM data voltage is set to
the gate terminal of the control transistor 121"

[0170] In the light emitting period that proceeds after-
wards, the ninth transistor 125' maintains a turned-on state
according to the fourth driving signal. Accordingly, the Vin
gets to change according to the change of the sweep voltage,
and such a change is coupled through the second capacitor
128' and the Vg_w also changes according to the change of
the sweep voltage. When the light emitting period starts, the
Vg_w gets to change from a voltage that rose from VDD-
Vth as much as Vsweep(t)-V_PWM (925) according to the
change of the sweep voltage.

[0171] The control transistor 121' is turned on in a period
wherein the Vg_w that changes according to the sweep
voltage becomes lower than VDD-Vth, and while the con-
trol transistor 121" is turned on, a driving current id flows in
the light emitting element 110, and the light emitting ele-
ment 110 gets to emit light. In a period wherein the Vg_w
is higher than VDD-Vth among the light emitting periods,
the control transistor 121' is turned off, and thus the driving
current id obviously does not flow.

[0172] In the above operation, the tenth transistor 126’
performs the role of electronically separating the light
emitting element 110 and the PWM pixel circuit 120 during
a data setting period. The tenth transistor 126' is in a
turned-off state in a data setting period according to the
fourth driving signal, and accordingly, in a data setting
period, even if the control transistor 121' is turned on, a
driving current provided by the constant current source 130
does not get to flow to the light emitting element 110.
[0173] Hereinafter, other various modified embodiments
of the disclosure will be explained with reference to FIGS.
10 to 16B.

[0174] FIG. 10 a circuit diagram illustrating a detailed
configuration of a sub pixel wherein an NMOSFET and a
PMOSFET are interchangeably used in a PWM pixel circuit
120-1, according to embodiments. In FIG. 10, it can be seen
that a control transistor Tp, a transistor Ts to which a sweep
voltage is applied, and a transistor Te that electronically
connects or separates a light emitting element and a PWM
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pixel circuit 120-1 are implemented as PMOSFETs, and the
other transistors Tc, Ti, Tr are implemented as NMOSFETs.
[0175] Accordingly, by applying the second and third
driving signals explained in FIG. 6B or FIG. 6C as driving
signals for driving an NMOSFET to the PWM pixel circuit
120-1, and by applying the fourth driving signal explained
in FIG. 9C as a driving signal for driving a PMOSFET, the
PWM pixel circuit 120-1 may operate as the aforementioned
PWM pixel circuits 120, 120'.

[0176] FIG. 11 is a circuit diagram illustrating a detailed
configuration of a sub pixel wherein a PWM pixel circuit
120-2 is constituted using a complementary metal oxide
semiconductor field effect transistor (CMOSFET), accord-
ing to embodiments. The CMOSFET includes transistors
Tm1 and Tm2. In this case, if the initial voltage, the sweep
voltage, and the first to third driving signals explained in
FIG. 6B or FIG. 6C are applied as illustrated in FIG. 11, the
PWM pixel circuit 120-2 may operate as the aforementioned
pixel circuit 120. A capacitor C1 is interposed between the
transistors Tc and Tr, and connected in series to the transis-
tors Tc and Tr.

[0177] According to embodiments, the sub pixels included
in the display panel 1000 may be driven directly by using a
driving voltage (VDD) without the constant current source
130.

[0178] FIG. 12 is a circuit diagram illustrating a detailed
configuration of a sub pixel constituted without the constant
current source 130, according to embodiments.

[0179] Referring to FIG. 12, the sub pixel has the same
configuration as that of the sub pixel illustrated in FIG. 8,
except that there is no constant current source 130. However,
embodiments are not limited thereto, and it is obvious that
in the aforementioned configuration of the sub pixel in
FIGS. 6A, 9A, 9B, 10, and 11, the sub pixel may be driven
by directly using a driving voltage VDD without the con-
stant current source 130.

[0180] FIG. 13 is a schematic block diagram of a sub pixel
100" further including a PAM pixel circuit 140, according to
embodiments. Referring to FIG. 13, the sub pixel 100
further includes the PAM pixel circuit 140 in addition to the
sub pixel 100 in FIG. 3.

[0181] The PAM pixel circuit 140 controls the amplitude
of a driving current provided to the light emitting element
110 based on the applied PAM data voltage. The PAM pixel
circuit 140 may receive, for example, a PAM data voltage
from a data driver, and provide a driving current having an
amplitude corresponding to the applied PAM data voltage to
the light emitting element 110.

[0182] Here, the PWM pixel circuit 120 may control the
pulse width of the driving current by controlling the driving
time of the driving current (i.e., a driving current having an
amplitude corresponding to the PAM data voltage) that the
PAM pixel circuit 140 provides to the light emitting element
110 based on the PWM data voltage as described above.
[0183] FIG. 14A is a circuit diagram illustrating an
example of a configuration of a sub pixel further including
the PAM pixel circuit 140 in addition to the PWM pixel
circuit 120 in FIG. 6A, according to embodiments. Here, the
sub pixel in FIG. 14A may operate as illustrated in FIG. 14B
or FIG. 14C.

[0184] FIG. 14B is a diagram illustrating a first method of
driving the sub pixel in FIG. 14A. FIG. 14C is a diagram
illustrating a second method of driving the sub pixel in FIG.
14A.
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[0185] FIG. 14B illustrates an example of driving wherein,
while the PWM pixel circuit 120 operates in a data setting
period, PAM data setting of the PAM pixel circuit 140 and
compensation of the threshold voltage of the driving tran-
sistor Td are performed together. FIG. 14C illustrates an
example of driving wherein, while data setting periods in the
PWM pixel circuit 120 proceed for each row line, but in the
case of the PAM pixel circuit 140, PAM data setting and
compensation of the threshold voltage of the driving tran-
sistor Td are performed integrally at the same time in the
entire sub pixels included in the display panel 1000.
[0186] In FIGS. 14B and 14C, the operations of the PWM
pixel circuit 120 are as described above through FIG. 6B,
and the detailed operation of the PAM pixel circuit 140 is
outside the range of the gist of the disclosure, and thus more
detailed explanation will be omitted.

[0187] FIG. 15A s a circuit diagram illustrating a detailed
configuration of a sub pixel wherein both of a PAM pixel
circuit 140" and the PWM pixel circuit 120' included in the
sub pixel of the display panel 1000 are implemented as
PMOSFETs, according to embodiments. FIG. 15B is a
diagram illustrating a method of driving of the sub pixel in
FIG. 15A. Referring to FIG. 15B, the operation is as
illustrated in FIG. 9C, except that, while PWM data is set to
the PWM pixel circuit 120" in a data setting period, the PAM
data is also set to the PAM pixel circuit 140'.

[0188] FIG. 16A is a circuit diagram illustrating another
detailed configuration of a sub pixel according to embodi-
ments. Referring to FIG. 16A, it can be seen that the PWM
pixel circuit 120" is the same as FIG. 15A, but the PAM pixel
circuit 140" is constituted differently from FIG. 15A.
[0189] FIG. 16B is a diagram illustrating a method of
driving the sub pixel in FIG. 16A. Referring to FIG. 16B, it
can be seen that the PAM data voltage is set once in a PWM
data setting period, and is set again when a sweep voltage is
reset, i.e., when a sweep voltage returns to the initial voltage,
and is thus set twice in total.

[0190] Embodiments of a PAM pixel circuit that may be
added to a sub pixel are not limited to the embodiments
illustrated in FIGS. 14A, 15A, and 16A, and PAM pixel
circuits by any methods are applicable.

[0191] FIG. 17 is a flowchart of a driving method of the
display panel 1000, according to embodiments. According
to FIG. 17, the driving method of the display panel 1000
includes operation S1700 wherein, in the display panel 1000
wherein a plurality of pixels respectively including a plu-
rality of sub pixels are arranged in the form of a matrix,
PWM pixel circuits are driven in the order of a data setting
period and a light emitting period for each row line.

[0192] Here, each of the plurality of sub pixels included in
the display panel 1000 includes a light emitting element 110
and PWM pixel circuits 120, 120'. Here, the PWM pixel
circuits 120, 120" may control the light emitting duration of
the light emitting element 110 based on a PWM data voltage
and a sweep voltage.

[0193] A data setting period and a light emitting period are
continuous time periods, and have the same lengths for each
row line. That is, when the display panel 1000 is driven, the
lengths of data setting periods may be identical in all row
lines, and the lengths of light emitting periods may also be
identical in all row lines. Also, data setting periods may be
driven sequentially for each row line of the plurality of
pixels.
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[0194] Accordingly, the driving method of the display
panel 1000 according to embodiments may include the steps
of driving PWM pixel circuits 120, 120' corresponding to the
first row line of the plurality of pixels arranged in the form
of a matrix in a light emitting period, and while the PWM
pixel circuits 120, 120" corresponding to the first row line are
driven in the light emitting period, driving the PWM pixel
circuits 120, 120' corresponding to the second row line in a
data setting period.

[0195] According to embodiments, the sum of a data
voltage setting period and a light emitting period may be the
time period of one image frame, and the total time period
wherein all row lines of the display panel 1000 are driven
once may be a time period exceeding the time period of one
image frame. For example, the total time period wherein all
row lines of the display panel 1000 are driven once may
approximately be time periods of two image frames, but is
not limited thereto.

[0196] According to the various embodiments of the dis-
closure as described above, a display panel wherein a data
voltage can be stably set and a high light emission duty ratio
can be secured, and a driving method of the display panel
can be provided. Accordingly, low power consumption in
various types of display panels including inorganic LED
display panels becomes possible.

[0197] The display panel (1000) according to an embodi-
ment of the disclosure may be applied to an electronic
product or an electronic device that requires a wearable
device, a portable device, a handheld device, or various
displays, in a single unit. The display panel(1000) can also
be applied to a display device such as a monitor for a
personal computer, a TV and a large format display device
such as a digital signage, an electronic display through a
plurality of assembly arrangements.

[0198] The various embodiments of the disclosure may be
implemented as software including instructions stored in
machine-readable storage media, which can be read by
machines (e.g., computers). Here, the machines refer to
devices that call instructions stored in a storage medium, and
can operate according to the called instructions, and the
devices may include an electronic device including various
display panels according to the aforementioned embodi-
ments.

[0199] In case an instruction is executed by a processor,
the processor may perform a function corresponding to the
instruction by itself, or by using other components under its
control. An instruction may include a code that is generated
or executed by a compiler or an interpreter. A storage
medium that is readable by machines may be provided in the
form of a non-transitory storage medium. Here, the term
‘non-transitory’ only means that a storage medium does not
include signals, and is tangible, but does not indicate
whether data is stored in the storage medium semi-perma-
nently or temporarily.

[0200] According to embodiments, methods according to
the various embodiments described in the disclosure may be
provided while being included in a computer program
product. A computer program product refers to a product,
and it can be traded between a seller and a buyer. A computer
program product can be distributed on-line in the form of a
storage medium that is readable by machines (e.g., a com-
pact disc read only memory (CD-ROM)), or through an
application store (e.g., Play Store™). In the case of on-line
distribution, at least a portion of a computer program prod-
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uct may be stored in a storage medium such as the server of
the manufacturer, the server of the application store, and the
memory of the relay server at least temporarily, or may be
generated temporarily.

[0201] Further, each of the components according to the
various embodiments (e.g., a module or a program) may
consist of a singular object or a plurality of objects. Also,
among the aforementioned corresponding sub components,
some sub components may be omitted, or other sub com-
ponents may be further included in the various embodi-
ments. Generally or additionally, some components (e.g., a
module or a program) may be integrated as an object, and
perform the functions that were performed by each of the
components before integration identically or in a similar
manner. A module, a program, or operations performed by
other components according to the various embodiments
may be executed sequentially, in parallel, repetitively, or
heuristically. Or, at least some of the operations may be
executed in a different order or omitted, or other operations
may be added.

[0202] The descriptions above are example explanations
of the technical idea of the disclosure, and various amend-
ments and modifications may be made by those having
ordinary skill in the technical field to which the disclosure
belongs, within the scope of the intrinsic characteristics of
the disclosure. Also, the embodiments according to the
disclosure are not for limiting the technical idea of the
disclosure, but for explaining the technical idea, and the
scope of the technical idea of the disclosure is not limited by
the embodiments. Accordingly, the scope of protection of
the disclosure may be interpreted based on the appended
claims, and all technical ideas within an equivalent scope
thereto may be interpreted to belong to the scope of protec-
tion of the disclosure.

What is claimed is:

1. A display panel comprising:

a plurality of pixels arranged in a matrix, the plurality of
pixels respectively comprising a plurality of sub pixels,

wherein the plurality of sub pixels respectively comprises:
a light emitting element; and

a PWM pixel circuit configured to control a light
emitting duration of the light emitting element based
on a pulse width modulation (PWM) data voltage
and a sweep voltage, and

wherein a plurality of PWM pixel circuits included in the
display panel are driven, for each of row lines of the
plurality of pixels, in an order of a data setting period
for setting the PWM data voltage and then a light
emitting period in which the light emitting element
emits light during a duration corresponding to the set
PWM data voltage according to a change of the sweep
voltage,

wherein the data setting period and the light emitting
period are continuous in time, and

wherein the data setting period is driven sequentially for
each of the row lines.

2. The display panel of claim 1, wherein, while a plurality
of PWM pixel circuits corresponding to a first row line of the
plurality of pixels operates in the light emitting period, a
plurality of PWM pixel circuits corresponding to a second
row line of the plurality of pixels operates in the data setting
period.
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3. The display panel of claim 1, wherein a sum of a time
period of the data voltage setting period and a time period of
the light emitting period is a time period of one image frame,
and

wherein a total time period in which all row lines of the

plurality of pixels are driven once exceeds the time

period of the one image frame.

4. The display panel of claim 1, wherein the PWM pixel
circuit comprises a control transistor configured to be turned
on and off, based on the PWM data voltage and the sweep
voltage, to control the light emitting duration of the light
emitting element based on a turning-on and off operation of
the control transistor,

wherein a gate terminal voltage of the control transistor is

set as a first voltage, based on the PWM data voltage

and the sweep voltage during the data setting period,
and

wherein the gate terminal voltage of the control transistor

changes according to the change of the sweep voltage

during the light emitting period, so that the control
transistor is turned on during a time period correspond-
ing to the PWM data voltage.

5. The display panel of claim 4, wherein the control
transistor is an N-channel metal oxide semiconductor field
effect transistor (NMOSFET), and a source terminal of the
control transistor is connected to a ground voltage terminal,
and

wherein the PWM pixel circuit further comprises:

a first transistor connected between a drain terminal of
the first transistor and a gate terminal of the control
transistor;

a first capacitor comprising a first end connected to the
drain terminal of the first transistor and the gate
terminal of the control transistor;

a second transistor comprising:

a drain terminal connected to a data line to which the
PWM data voltage is applied; and

a source terminal connected to a second end of the
first capacitor;

a third transistor comprising:

a source terminal connected to the drain terminal of
the first transistor, the gate terminal of the control
transistor, and the first end of the first capacitor;
and

a drain terminal to which an initial voltage is applied;

a fourth transistor comprising:

a drain terminal to which the sweep voltage is
applied; and

a source terminal connected to the second end of the
first capacitor and the source terminal of the
second transistor; and

a fifth transistor comprising:

a drain terminal connected to a cathode terminal of
the light emitting element; and

a source terminal connected to the source terminal of
the first transistor and the drain terminal of the
control transistor, and

wherein an anode terminal of the light emitting element is

connected to a driving voltage terminal.

6. The display panel of claim 5, wherein the gate terminal
voltage of the control transistor in the data setting period:
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becomes the initial voltage through the third transistor
being turned on based on a second driving signal, while
the fourth transistor is turned off based on a first driving
signal;

becomes a second voltage from the initial voltage, while

the third transistor is turned off based on the second
driving signal and the first transistor and the second
transistor are turned on based on a third driving signal;
and

is set as the first voltage from the second voltage, based

on the first transistor and the second transistor being
turned off according to the third driving signal and the
fourth transistor being turned on according to the first
driving signal,

wherein the first voltage is reduced from the second

voltage as much as a difference value between the
PWM data voltage and a sweep voltage at a time point
when the fourth transistor is turned on, and

wherein the second voltage is a sum of a ground voltage

of the ground voltage terminal and a threshold voltage
of the control transistor.

7. The display panel of claim 6, wherein the fourth
transistor is configured to, in the light emitting period,
maintain a turned-on state, based on the first driving signal,
and

wherein the gate terminal voltage of the control transistor,

in the light emitting period, changes from the first
voltage, based on the sweep voltage applied through
the turned-on fourth transistor.

8. The display panel of claim 7, wherein the control
transistor is configured to, in the light emitting period, be
turned on in a time in which a gate voltage of the gate
terminal that changes based on the sweep voltage is higher
than the second voltage, and

wherein the light emitting element is configured to, in the

light emitting period, emit light, based on a driving
current that flows through the control transistor while
the control transistor is turned on.

9. The display panel of claim 6, wherein the PWM pixel
circuit further comprises a constant current source config-
ured to provide a driving current of a regular amplitude to
the light emitting element, and

wherein the drain terminal of the fifth transistor is con-

nected with the cathode terminal of the light emitting
element through the constant current source, and the
fifth transistor is turned on during the light emitting
period according to the first driving signal.

10. The display panel of claim 5, wherein the drain
terminal of the third transistor is connected with the data
line, and

wherein the initial voltage is the PWM data voltage.

11. The display panel of claim 1, further comprising a
pulse amplitude modulation (PAM) driving circuit config-
ured to control an amplitude of a driving current that is
provided to the light emitting element, based on a PAM data
voltage.

12. The display panel of claim 4, wherein the control
transistor is a P-channel metal oxide semiconductor field
effect transistor (PMOSFET), and a source terminal of the
control transistor is connected to a driving voltage terminal,
and

wherein the PWM pixel circuit further comprises:

a sixth transistor connected between a drain terminal
and a gate terminal of the control transistor;
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a second capacitor comprising a first end connected to

a source terminal of the sixth transistor and the gate

terminal of the control transistor;

a seventh transistor comprising:

a source terminal connected to a data line to which
the PWM data voltage is applied; and

a drain terminal connected to a second end of the
second capacitor;

an eighth transistor comprising:

a drain terminal connected to the source terminal of
the sixth transistor, the gate terminal of the control
transistor, and the first end of the second capacitor;
and

a source terminal to which an initial voltage is
applied;

a ninth transistor comprising:

a source terminal to which the sweep voltage is
applied; and

a drain terminal connected to the second end of the
second capacitor and the drain terminal of the
seventh transistor; and

a tenth transistor comprising:

a drain terminal connected to an anode terminal of
the light emitting element; and

a source terminal connected to the drain terminal of
the sixth transistor and the drain terminal of the
control transistor, and

wherein a cathode terminal of the light emitting element

is connected to a ground voltage terminal.

13. The display panel of claim 12, wherein the gate
terminal voltage of the control transistor in the data setting
period:

becomes the initial voltage through the eighth transistor

being turned on based on a fifth driving signal, while
the ninth transistor is turned off based on a fourth
driving signal;

becomes a third voltage from the initial voltage, while the

eighth transistor is turned off based on the fifth driving
signal and the sixth transistor and the seventh transistor
are turned on based on a sixth driving signal; and

is set as the first voltage from the third voltage, based on

the sixth transistor and the seventh transistor being
turned off according to the sixth driving signal and the
ninth transistor being turned on according to the fourth
driving signal,

wherein the first voltage is raised from the third voltage as

much as a difference value between the PWM data
voltage and a sweep voltage at a time point when the
ninth transistor is turned on, and

wherein the third voltage is a value of subtracting a

threshold voltage of the control transistor from a driv-
ing voltage of the driving voltage terminal.

14. The display panel of claim 13, wherein the ninth
transistor is configured to, in the light emitting period,
maintain a turned-on state, based on the fourth driving
signal, and

wherein the gate terminal voltage of the control transistor,

in the light emitting period, changes from the first
voltage, based on the sweep voltage applied through
the turned-on ninth transistor.

15. The display panel of claim 14, wherein the control
transistor is configured to, in the light emitting period, be
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turned on in a time period in which a gate voltage of the gate
terminal that changes based on the sweep voltage is lower
than the third voltage, and

wherein the light emitting element is configured to, in the

light emitting time period, emit light, based on a
driving current that flows through the control transistor
while the control transistor is turned on.
16. The display panel of claim 1, wherein the sweep
voltage is a periodic signal in one time period of one image
frame, and continuously changes during the one time period.
17. A driving method of a display panel comprising a
plurality of pixels arranged in a matrix, the plurality of
pixels respectively comprising a plurality of sub pixels
respectively,
wherein the plurality of sub pixels respectively comprises:
a light emitting element; and
a PWM pixel circuit configured to control a light
emitting duration of the light emitting element, based
on a pulse width modulation (PWM) data voltage
and a sweep voltage, and
wherein the driving method comprises:
driving a plurality of PWM pixel circuits included in the
display panel, for each of row lines of the plurality of
pixels, in an order of a data setting period for setting the
PWM data voltage and then a light emitting period in
which the light emitting element emits light during a
duration corresponding to the set PWM data voltage
according to a change of the sweep voltage, and

wherein the data setting period and the light emitting
period are continuous in time, and

wherein the data setting period is driven sequentially for

each of the row lines.

18. The driving method of claim 17, wherein the driving
comprises:

driving a plurality of PWM pixel circuits corresponding to

a first row line of the plurality of pixels, in the light
emitting period; and

while the plurality of PWM pixel circuits corresponding

to the first row line are driven in the light emitting
period, driving a plurality of PWM pixel circuits cor-
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responding to a second row line of the plurality of
pixels in the data setting period.

19. The driving method of claim 17, wherein a sum of a
time period of the data voltage setting period and a time
period of the light emitting period is a time period of one
image frame, and

wherein a total time period in which all row lines of the

plurality of pixels are driven once exceeds the time
period of the one image frame.

20. A display panel comprising:

a plurality of pixels arranged in a matrix, the plurality of
pixels respectively comprising a plurality of sub pixels,

wherein the plurality of sub pixels comprises:

a first plurality of light emitting elements in a first row
line of the plurality of pixels;
a first PWM pixel circuit configured to, based on a
change of a sweep voltage:
set a pulse width modulation (PWM) data voltage in
a first time period; and

control the first plurality of light emitting elements to
emit first light in a second time period correspond-
ing to the PWM data voltage set in the first time
period, the second time period being continuously
after the first time period;

a second plurality of light emitting elements in a second
row line of the plurality of pixels;

a second PWM pixel circuit configured to, while the
first plurality of light emitting elements are being
controlled to emit the first light in the second time
period:
set the PWM data voltage in a third time period; and
control the second plurality of light emitting ele-

ments to emit second light in a fourth time period
corresponding to the PWM data voltage set in the
third time period, the fourth time period being
continuously after the third time period.
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